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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND A/D CONVERSION CIRCUrT 

(57)Abstract: 

PURPOSE: To provide a current source with a high output impedance, a 
highly accurate current mirror circuit and an A/D conversion circuit with 
high accuracy and low power consumption. 

CONSTITUTION: A source of a MOS transistoKTR) M1 is connected to a 
power supply VDD and its gate receives a voltage VB1. The device is 
provided with the MOS TR Ml, an operational amplifier 1 whose inverting 
input terminal connects to a drain of the MOS TRM1 and whose 
noninverting input terminal receives a voltage VB2, and a MOS TR M2 
whose gate receives an output of the operational amplifier and whose 
source is connected to the drain of the TR M2, and they form a constant 
current source using the drain of the TR M2 as a current output terminal. A 
constant current flows to an imaginary ground of the operational amplifier 
without changing a drain voltage of the MOS TR M1 deciding the current 
even when a voltage at the current output terminal is subjected to change 
and then the current source with a high impedance is realized. A highly 
accurate current mirror is obtained by selecting drain voltages of the 
current mirror pair identically as an imaginary ground similarly to above. 
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F7^^KHV ictt* £ ixfc* 1 2 
(DMO S h7^^^^^Ix.t, SS2^MOS h 7 70 

2 ] B&iass 1 OMO SF7 * 1 f- b 
RtK ffiflEiSI»«««C0*K(EA*S:-tom3<7)MOS 

tc, 1 2 OMO S h'7 y v^^ ^ 0 K i/>f >5r t«ffl^« 

3 ] tfjfE» 1 MO Sh7 >- v 5 * * t b 
&&mt Lf:SlSlS^l3^)MOS F7^^^ 
Rtf\ COf 3(DMOS h7^^^0KW V3SS*K 

AaJB^fc^-Jtfcft, JLo«HB»loEjK«EE<Oftfc!9 

fciii** s «HEjB i ^ 3 omo sh7^^ 

K 3 (DMO S h ^v** &<DY \s4 ^SrXflMKttA^iB 

=f-t u Hu!ESg2<DMos h7y^^^KW >-£m ^ 

ftttSft* V- McJB3oa««ffi*Stt**2*«S 

CO$460MOS h7^^^^ :O|4OM0h7>' 
v>*^cd ^dSR(BA*«B^tJije^Six2>i:*«c, 
JB4(^fiiKBffi^RlcA*ffl^J--^x.bix6«*ii*B ^ 

MOS h7>"^^0 KWVlC«^*ttfc*2W«a 
cDg|5cDMOS b^^isx* b&tiix.Xs B£^5cDMO 
S h^^^^^co Ku>OS:ftiIISS*aSttA^lffl^«-3S 

£ <b^, y-^^*2^«JRic:»jttSix. y- H-WiE 
«3 0il[Stt«lES:SJtS»2»KS!^»6<OMOS h7 
r^6(^)MOS h7^^KW > 



i?Xf<D >l£fe^£iXfc*2*«SO»7 0MO 

s h7^^t&tit, sgm7(^MOS h7>^ 

ita^iissioMos h7^#t, -^>M 
i mo s h 7 ^iS^pny--* tW>Mffi\z.&rtbtitc. 

^2c7)MOS h tftffitt)^*^ v^mfflZti 

Wit«»os<eA*«s^«-ttl6«:s:ai lthuIsa^t -r 
* ym&m^tmtoZfr, «ria«3Hi««<o*s<EA* 

y-^^ReA^flSftcatt^tL^MOS h7^^^ 

oy- h^jg^ax, r^MOS h7y^x^oKW 
>te J: 15 y - * fcf4-tn*ix« tv^S^in^ — 

KK >-*^EA^«JE/««t2E»lHlKO«aEm*^i: 

tttEMOS h7>"^^oy-7(:^$M^io 

*«A*«B^«*S^fc*l^fi«*«EIKfc- WE 
MOS h7>^?<0 KW >(Cjg^Six*:»2(Oft8tt 

Six, HJ:|Bioit*ftffi«r*»tft»i»«ffl«>* 

1 c7)MO S h7 ^ ^ s ^c^^ 1 CO MO h 7 

?<D Ki/^ y^ggA^Sf l^^n^ ^2 



(3) 
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m 2 (73 MO S F7>^^$:|t 2 COMO S h 

S(0|30MOSh7^^^ CcDfg 3 COMO S h 

EI3 0MOS h 7 ^v^^^O VM^^tLfc^ 
lSH^S4(DMOS h7>^^ <b£<S;t, f£!£4 
(DMOS h7 y^^^) >-^mIIEm2(D®Stttl^ 

mi ^ffi^tt^SiH 1 ^ U £o x y-^^^|E^2com 
Sll:: g^c £ iXfcSI 2 $111^1 6 OM O S b^^iS** 

(e!BS 0 

[M#*8] «hb««^w y^in»tt:, y-huniflE 

(D$7WMOSh7^^^ :^7^)MOSh7 

* (D y - ^ 4: mmm 2 o««w^K*i" 8 
como sh7 * £ , 7 COMO S b 7 V v** 

* y - * k esesie t <dk \z&m <* *lt v >r mriafR s 

comos h7>^^ £tB*f«> y^MHP*ix*JB 

4*«t-r6»*«6x**7ia*oA/Das*isii»o 

[»*3S9 ] BfJl5^7(DMO S h7^i?x*(D#— h 

iufSSg3O£m^2I0&te, KW^*ttM»«SA 
^«g^ic^S^fc^2^SM<7>^l OOMOS h7> 

£ti& k&\^ JB3 0iIj««E* s *ReA* 

s^tc^^L^n, a^^EjRi ocdmo s h7v^^ 

*<&y-Mcl£^$ftfc»JMa«»i: % ffifSMOS h7 
&&it\zm<5\<^XfrmtStiZmm&ffi^femk*ffi?LX 50 



^i:g^StitS2SiI<Oll 1CDMOS h7>^ 

?k, :oMOSh7y^^^K^y^S!AA 
i8f(:^^5«(^ JB4oa:SIE«BEdssiEA*« 
^icS-fcfctu fctiAj&sflrlEJBi icomos h7^^ 

®£lT5ft#^815®cDA/D^«l^ 0 
[0 0 0 1 ] 

(MOSFET) let t)«^$nfcT*t-n^[p]K> 
T1r*y/ s f**J9fl' (A/D) StfllslK, X>< 
/T-Tuif (D/A) CttlSK^flJffl u-cwabfctttifte 

[0 0 0 2] 

[ts*oa«] A/D*'»»<o-*a;-c*>5*- 
1 ^ftisrifci: it, r^f • - • >f r - • ^+ - 

-2 1 (1 9 8 6^12^) 11 00 31^^101 
OH (IEEE, JOURNAL OF SOLID- 
STATE CIRCUITS, SC-21, NO. 
6, DECEMBER 1 9 8 6 PP. 1 0 0 3- 
10 10) j&Sfcfl, ^7t, ^*P-Ctt*v^d^ 
P^f(aS5t^aiit tT#l?3- 6 9 0 2 6#^fc 

-^7A2 5 (1 9 9 0^8^) S9 9 7l^bI100 
41 (IEEE, JOURNAL OF SOLID- 
STATE CIRCUITS, VOL25, NO. 
4, AUGUST 1 9 9 0 PP. 9 9 7 - 1 0 0 
4) j&Sfc5 0 
[0 0 0 3] 

-cfcs^s^fcSo ^^c, -his— n<ommmn. ^<Dm 



(4) 



6-61859 



i-5fc«>fctt, »«f6D/AaE«lsIK^««ft^ 
y^omSEfitt, ±12A^T^o^j£{f^o^m/ 

filial ^Lv^RASfcSo ^t^OfcfcKf*, mthfl 

12, ±lB«3 0^»lXiR-eBI\:^bi^TV^S36^ ^^IUS& 

^^If^S^IKi^ u> h ^ 7-»*<j:tMO S F E 

[0 0 0 4] *fc, mffi*^ v^k LTJbf5f£l o^*q 

fflOMO S FET^S^ai^*g^{ig(-SjK$iXXV>^/c 

re^K 5 ^ - 6902 6*teE*fc*nfciatt«ifijifca3v^ 
Ttt, e«awt 4SMO s f ET^taiaAii^flii: 

7flMOS FETdS®JKW-gM££ 
nTV^T, SR^>f s/f ffiiOMO S F E T©*7fifl:tt 
«8ttt«ix4V^S. ^^7fffl^)MOSFETOKW 

[0005] ±^mi<D^x^w^m^s 

D/A2CtftlHlKo«jtt^-Y y^<7?«8Effl^«»dSA^flJE 

OA*«EE/m«*»[a]tt*«fiRrs*»*t«SK^tU 

^i:giS$titl^MOSFET (El 7 (OM 4 ld*tJ£ 
^n5J:o^MOSFET) tdtt— ^tffiiiaot ^ 

t:*D;iTA*Hl-S§-SSft (H 7<Dl i n^a-iSSix 
5J:5 4«aE) &mfrZ>o <toT, A*«#««E^Stt 
^iSCT±IEMOS F ET^r^^fftfSt 

[0 0 0 6] sMBWOBWtes BIH*^ >-t°-^>-^<7) 



a^>r a zk\z.&>z> 0 *$BWcD*<ofl&a>@ 

«fi^--^--9->^y >^SA/D«lft»*c:*3V^-C, s 

[0 0 0 7] ^W^TOtaffit/^-t^flfecogWfcSratt 
[0 0 0 8] 

[0 0 0 9] -ttZtt-h. Ill:, ««Wfc*5^Tttti««: 

^t5Mo s h7>"^^<^ km ismj£<D&m&?n 

(Ml) k > :OSKOMOSF7^^^KW> 

^SgA*ffiT-(:^^5^*i:, *S 2 <D 
#5teA**^K^&feft5St*if«* (1) ESSt 

jMiwsoaA*^-- Mda«\ iE«i^)Mosh7 

K u-f is\z&& S ixfc JB i ^mSi^l 2 om 

OS^y^^ (M2) ££{§X.T, %%% 2 WMO S 
(M2) O K W ^Sr«dSaa^«S^^: LT 

MOSF7y^^ (Ml) t y->£r=feil£ LfcH 
WS<0S3OM0Sh7^# (M3) «rKtf\ M 

egtntiiws (D ^seA*^o$3(DMos h 

7^^ (M3) (OKWyl^U S^I30M 
OSh7y^^ (M3) (O KK V^rSSSIgMA^ldg 
I20MOS h7y^7^ (M2) CO 

OSh^>v>^^ (Ml) hSr*iii: W 

!M3MOSf7V^^ (M3) Srttrt. CO 
I3WMOS h7>^^^ (M3) ^KWy^l 

A^^iS^^ns iuias 2 oESKSffiassteA 

<SS8 (2) ^ICaStt, SR»3OM0Sh7^^ 
(M3) <D KM >^S*S«tA^^^-^ ^15^2 
(DMOSF7y^^ (M2) CO KU>f >Sr«8tttH^ffi 

[0010] $21:, |gI5i:7r:^n^J: 5 
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y^mm<DnMMY : 7>y*9 (Mil) ^mSSffi^fiO 
tl, fSaafiiJtcKit^ix^:»10^-< yffflMO S by 
(Ml 2) fcifc*Jt;:»tt3*U *-0>-*O*« 
\Z\&ffin,GL&QVM£tl1Z%Z2<DX'< y^mUO S b 9 > 
(Ml 3) ^riaJt. ^MOS h^^i/^^^ 

[0 0 11] mlfS^m^lelK, USt^ 9 
*8E*c:*»-faA*«ffi/«8E**igK (11) fc, tti 

>3tiliS«ft^y (.of ^ ^^^HBBlJBf (DLD 

^yfnis (12) -«a*j:iEAa«jE/m«* 

* (Ci) I£^^^<om/££m^<OL# VMS® 
Ei:Jt«tS'>4< 4: t>— ««±0«£Elt«*^b*S 
^HtElK (14) f£fi^{b0&<Offi^£«#;&t/ 

ffiffi»«i-5^^^^/n»3iiaK (is) t&mz-* m 

ttt5. 5&A/D*«ME]»fc:*3i^-t\ SftfSA 

^SJffi/mSt^mie]^ (11) r±ttlF4l«« (5) «r£ 
^ ^Sfftgipl^ (5) ©R6A*»^l-ttfta: (R i 
n) ^iiU-CmffSA^T-^n ^*JEfS* (V i n) dSffl 

jo£*u Hfriai»»»*B« (5) o*K(BA*«^fcf4a: 

SK«E^fKlftdtt, (5) oaj*KB:y- 

^WAAfflf l^^tttMOS h7^^^^ (M 

4) <z>y- hassa*s*u i^MosK^y^^ (m 

(I c) iSSEix*— *f(Z>««ttaR Up, In) *s«gfc£ 5(7 
*L5 SKMOSh?^^ (M4) OKW 

■ ^srmEA*«ffi/««*»iatt (id G>««aa*A 

fcU «JIE«SE^^ y^IalK (12) ^MfB^^tt*!^ 
(5) ©RCA**i^»J:*ttUT«*Sixa. 
[0 0 1 2] 

[fWB] J:Elfc*l^Sl:J;fttf, SSHtg*I^<o<K 
^t5MOSf7y^^ (Ml) O Ku-'f z^ttEESraJ 

>-t--y^*<Dmmm*m^-fz>^k&x* 40 

[0 0 13] ±ELfc*2©*»fc,fc*Ui, mgfE^^ S> 
*-H»fcJ3lt6^-/ y ^^fflOJS 1 RXfUS 2 <OMO S 

h 9 >- ^as«ai(«^*«**trv^ftfc*y >r x<oj£ 

(Ml 2) &*7ttm<DhZ\znffift\Z*>ytm\c£tl 
5i2(^MOS b7V^^ (Ml 3) Sr^ LTfiSS 

f4 (vb i 2) ^oRjajsft«tflrtt««aa^ so 



[0014] «»a»ffloA/Dae«»*-*5v^rw:, a 

A«jK (I in) iH»D/A«|»(OlH*«ijt (I 

v*? (M4) (owaEaeKi^fcttft. c<o£#, ^§bd 

/A^mss (ii) a*#ify h**-efc*ttf, tt£*8E 

[0 0 15] 

ocmos (tS«MMOS) #ttliaBHife&flf£J:o 

■Y^yl-MO S F E T (WTMO S F E T £MO Sb7> 

fcy-^igisg, KW>iB«u at?y-^fB«t KM 

h Six So Pft^MOSFETIt _L 

fcMONf t^^MO S F ETO^ISffi^- h&ffi 

[0 0 16] H!l |C*3V*-C* fl»fc«IHISixftv^s, y - 
^dS«WVDD(Jl»jR$ix^P^^^^a^MO S h7 

y^^Mi<Dy-M:tt N r^mjEVB l 2s«|i£ 

£*x£ 0 -LISMOS h7y^^M10KWVttI 

tu^aa^toMJwtt, pft^i^Mosh7y^ 

^M2Wb5o MOSh7y^^M2^^-F$: 
ttJ**B-T-K:, MOS h7^^M10KW>tS6 
A^fMH- (-) fc. /M7^1EVB2^5gA^« 
(+) fc«Kbfc«JW«»i**K»tb*x6. *** 
WKiixtts ■«8tU**-¥-«SE lout Sr#*y— Kco 
«JE#£»LTfcttM«£fcSMOS F7^^M1 

T^mEEVB 2 i:^L< S^^tL5fc^®«^»Jt« 

IEMOS h7^?M2iNf^*/ua©MOS h7 
V^^U -blEiS^iS'l 5 !^ 1 l^ioV^TMO S h7> 

[0 0 17] gl2tc«CcoaSWtcJ:^^®aE^ 9 — [hISS 

co— iiite«coiH]Kiai s *Six"rv^s 0 iiiaa i omo s 



(6) 



AJjflS^ ( + ) l^^ttfcPf-r^VMOS 

^fltScA^aS^ii-So *HJfi«l^±ixtf. MOSF 
7^^M1, M3<0 KM >-mi£36 5 $!^tftI3£l £> 
<K»»»»f^^ J;ot§l< sn^iotf, MO Sh7> 
^^Ml £M3<D^X£^L<-T£::£tCt *) A* 
ill in <t^Lv>S ^-ffi^mSE I o u t t 

[0018] laaicfiro^p^coflfe^^jfi^j^s^m 70 

ipg2§2 £:/BV^T, mos h^yv'^^Maoge^r 

5 0 ^ffiW-tfttf, MOS h7^^Ml, M3 
<D K y tEi«*»*IB« l JW 5 2 oiKSftifi i UT 
«L<45^ A^m^tl i n ir^LV^ ^-Hi^S; 

[0019] 04 \Zl'&Z.<D&9i<DfeW>WL$ 7-@M 
TE 1 0^««EaSlsIKA (MOSh7^^MlA, 

m,%t*At)mffibi,x$:rt, m 3 iciott^Mo s h ^ > ■ 
& m m ffi g n d i c at «■ ^ m se s 7 - 0 % c £ k i t , 

MOS h7^^M2C(^) KU^yi^20;7- 

t«iout2^n 0 zhiz, fcmmm\B}&Ak 30 
wm\zm\ tmwwh 5 lmcommmum^B (mos 

F7^^^M1B, M2B, Sl/«*iii|S«4*>fcfi8; 
5) fcKtf\ MOS h7V^^M2B(7)KWyi;D 

51 cos 7-m«£li^ I o u t 1 Sr»S. ***«KJ: 

7>^^mi A^ft^a^t^Li^a^ssfL 1 o u 
t2«r#6rtm, ^^t-^m«t^(H]^A^^a«t 

aSIs]KB<D^^T^^«^UVN(DT^l olIttl^iB 
II out 1 ^Ct^ft^o tot, ^LV>mSK 40 
[0 0 2 0] W5\ZteZ<D&VilZ&Z>mWLX'< yfBB 

^itflj^w r^mjEVB 1 1 ^ewsstu kw^s 
1, :omos F7>-^^mi i(oy-7t»*tiS: 

GNDtO^rai-tbtltNf t^MOS h7^^ 
*M1 2 N ^I/mllSMOS h7^^Ml l<7)y-* 
<til^mEEVB 1 2rfllCgffi$titNf + ^;UMOS h 
7>v/^^Ml 3a>b/&9> MOS h7>^^Ml 2 50 
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^fflOMOS F7>-^^M1 2MM1 3^11 
jfilfiGND, KStmEEVBl 2) Wcfc 6 fc^mSSffi 

(iout us) — cd^-t 

, MOS h7>^^Ml 1 ^y-^(-^F pjig^ 
CM^n^)^ h MftC s liMOS h7^^M 
1 2 ^t7^MWl:t>ll45MO S h9>^*# 
Ml 3Sr^LTK8E»ffiVB 1 2d*e>3E«Six, w<7)l£ 

iiffiifivBi 2&m,ffi.mt)i&*nE.b\z&mL,^mE. 

• km ^raommaso vi4 9«aEf*j**tftv\ to 

So 

[0 0 2 1 ] i6i:i^^CJ: s/^IhIK 

t^MO S f7^^^Ml 1 CO y — ^(^(^^ 

* I nv©BA(IIIW««*^ I NV 

mos F7^^mi i wy-^^gciMJ (vd 

DXfiGND) ^@^i-^5fc^^ h s |Ct5 

[0 0 2 2] m7\Zfo±.^(D'fem>ffiMM1&, ^SiS^7 

**£ix-cv*5 0 A*«ffi/«Stt3E*lEl&l lcoA^)^^- 
tCfiA^T^n^SJEft-^V i ntfepiPSft. Sfei^T- 
R i nSr^LT«^Ltt*S*5(OSteA^dffi^ (N 1) lc 
MSW, ±IB«»it*B»5<o*seA*«^ ( + ) 

5<Dmt}&y-x&; — kn i ^««*ixfcN^^*/u 

MOS h7^^^M4^y~ MC§c$i:£tV x C CO h 7 

^v?^^M4(D KM ^xtfy-;*fljK:M:«*<^Lv* 

— *t<Ott»iE«I p, In (flSttttl c) ^K*tbiX-CV> 
£ c *Jttt«»5<0RfcA;fctf^ (-) «L<f4/-K 
Nltt, <£«S*fei: Lt/W 3 i:^UV^m 

£Et^SOT% T*^n ^A^®EE(f -^-V i niZbtM&ttZ 
SSSft# I in = (Vin-VB3) /R i n 
tlSo" atHtifffiSSOReA^fiB^ (-) i-^Jgc^nfc 
^a$D/A^«l^l 2&Mt^)tS^^ y*f-M& I D 
Att, x-Y v ? */Wftit[H]B& 1 5C0fcH^fitDLDAtC^jJ; 
Lfc«8K«#I q«rUl*-r6J:5fc«rilStL-CV^6. C 

tlb<»&&nM I d = (I i n — I q ) tt, MOS h7 
>v ? ^^M4^riloTT^ci^^[H3SSl 3 {CggtL. ^fl 
X.tf*«0S**^-C i ^a^^tt^o ^^T^n>/5|^ 
IeIK l 3^^ffiv c 12, «iEittft[aIS&**i-5S:^klHl 



(7) 
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Do u t &mz>6 x^*;H#it[Hj&&l 5£^t*;y hi: 

i-*xtf^5imsE i q (DmmteAJjiB ^mm. i i n<om.m 

tCiaWit^&'Q, L^c^oT, ^#S«cI dteifctfcW/h 
mmtteZo ZfL\^£ <9 , MOS h^v^^M^Sfc 

v^/W§ig[H3S& 1 5cDtti*>D out teH^LftV>;7>r 

[0 0 2 3] m 8 T^MHi 1 0 \Z.&m 7 CDA/D^&SiS 
#yf¥^0Bri^£*L5 o IS8 i-jotf^ ~ Jig] 9 
lc*5tt£ - lS9U::fc5rt-£ 

&tmg(5D/A^&[E]Sg 1 2l^:fcrt£^T;*tH]gg<D^ 

^^jd^^tt, [g]9tc^^a5D/A^^(His&^^^5m 

[0 0 2 4] i8 tCjoV^T. MO S h 7y^^^M4 CO 

kw>, y-^tc^^^tt7t— w^m^Ji i p, in 
£ its Ei4{ciE«cco-*romss^^v>fen5o fc« 

U ?g«Lii*I^ 5 £D#^teA^J^^- ( + ) l^T^t 
IEVB 3^#«££nTl^CQT% MOSh7^^M 
40y-^!P^MOS F7^^^M1 ccoKW^te 
figiiftt*VB3[c/i:oo iot, H4^fS^C0^mge 

/a^^^tHlK 1 llCfeltSP^^^MMOS h7 
^i^^MS&U^S^ I r e f (j:MOS F7^^^ 
MIA, MlB(0/q7^1EWt5 0 
[0 0 2 5] ^gBD/A^&^l 2<0®«t^-T 

^ ^©ssie^ i 2 - i «: % si 5 Kre<eo«»t*-<f y^-ia 
£*3»*«siE;*>f y^iuKas^i 2- i b^c^ 

n, A^m»ftOS^:^tI?r I m a x (A^mj£/«St^ 
1 1 (DmWL I i n OSzfcfit) t -t Z> t s I o = I 
ma x/2 n T&5&^ 5 ifcSo w*tK§&M£:3= £6t 



[0 0 2 6] msi^^ftSJ: 51-. ^SteA^agT- 

( + ) |Cil:«*ffiVB4 36S«j|e$*V*i*IHt«»6 
OUJ*36sy- Mc«»«*;H, y 6 0>K 
eA*«^ (-) K»Jft£:hJtN^**/l'MOS 

»»tffiGNDt©Hti:ttfiRSl^Rb^»jRSn-CV> 
5. »»ti*i§§6^5teA^ffiT- (-) ft. VB4i§ 
LV^«ffii:4a*»b, JgfetR b iCii I b=VB4/Rb 

(D^mmtiZo ¥f\zmmzfrte\<^s vb 4 

(V i n) *:fitliffVm ax. R b =R i n t~t 
Ib=Imaxi:4?), l^MT^lil 

^-£££oT I o Sr^-Tixtf, HufE I o - I m a x/ 
fc 0 U^ot, @8^^i-«J; 5K> /<^T^mgElb 

is^fD^msit^ 7-\B}&<DAtim%L (i i n) tu a 

tt* h ^ 9-tfc»«rt*a6«* I b ' Sr»So 
(-) |:/WT^1EVB S^K^n^KIFiiNIIBH 
^^M8i»«t5, :oh7^^M8oy-^ 

lfeNft*^MOS h7^*M9S:R^ SMBM 

asD/A^ifes&fflossE^-r 5/^iHis&^<><r^iiffii: 

Lfc e l©tS*«^^yfHK©*ttl«*I o=I 
b/2 n ^^J:9i:MOS h7^^M8 tmWt* 

4 h 7>-^^^M 1 1 (^W/L^^^^tt^o b7 
*M 8 <D KM >-i:m^^^ h7Vv^^^M 
1 1 <£> KM ^«ffitt*»c«JHt«[B*9 0<K»«*fc 
LT VB 3 t W/L<D*tlC J:o-Cf75^^:^ 5 

B5»S*«8EI o^^m^c ftx MOS h7 

Mi 2\zttfcl,XWtrttb1nX\<^Z>o 

[0 0 2 7] ±IB^-YT^Ih1K1"2- 2^^5V^T^, — 
ooli^^f y^EIK^SIEtbS«« I o^r*^-r6fc^ 
lc N SJjC^^-R i n irRbcDS}jCittC»#LT*^^n 
SliSi:, MO S h7V^^M8 bmM*^ K7 
y^^Ml 1 <>cow/L(Dit^^Jffl mjfE®5i^^- 
R i n^U^RbcD^^^i^^MWiCi^fflS^etfi^ 
R*LTV^«CV\ COwtfi, fjieffifet^T-R i n, R 

*«*l:»t 5 y ^7 <c J?(DISt felt SfiST'n t 
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bo<^\ JgJnSi^R i nfil/R b&b t^lsj CSHctf 
h o < <D -e-t <£> it teSfit y p ir ^ tf b o # Of£® £ § 
*t4V^b"C*>5. MfES6t^^-R i n&t5Rb<75ff b 

[0 0 2 8] fi&L 09 tC*3V^ Pft^^SMO S h 
7>y^^Ml 1, Ml 2, Ml 3 KJZo-CUtfifcSitS 

asfloaat^^ y^iH!K«, ^#/u#aiiH!isi 5 
■s-^^fflomiffiSra^ttaE i d\zmn-rz>iBH&x~& jo 

5o MlEffi Office i:l*> T^o^iM^EKOffiafci^^- 

ih-r ^m-ss^t i o o%-^^^y >>?iamt Litt 

jEffl m«c «fc o TMlE-t- 5 - £ K J: o Ttt«-t- 5 . 

[0 0 2 9] Hi 1M01 5^ttB912EI8^^SnS 
fltJt*«Hlo— «EII»*«Sixa. Hi 1 ttflUFttMB 

5, 6K*frJS£*U H 1 2tt«|HtB«2 > 9lC*tJ£$ 

ti. la i 3 3 , 4, 8ic*tj£s*is 0 01 

a«Kffi, GNDiiSMi ouTfiHifts^ta^t-ii 
fsaiAiB^ couTr±tt*a*t«E»»-ai'siii^i« 

^ -fiRteA^MH^ + l*#RteA;*J«8 J ? : , G 1 , G 
2, G 3f*^>f T*ttJE. PDfi[H]S§^S)^^-r^fci6 30 

■[0 0.3 0] HI ll-»**tS«Jfii*» (5, 6) 

2WM.a 3^ Nft^S^MOS h7^^^ 
Ma 4 &U*M a 5^^^5^U> y— ^ffib^&o 
T^^^n/c^tt^, tlTPft^fiMOSh? 
y-yT* a 7 tNft^SMO S h^v^^M 
a8A>t,rtSUlM«rtx.5. ffi^^OA^J (OUTI: 

i§-f£/-K) ^tb^ (couTCif^y-K) cor«T 
ten, »31*^fe»tS*«Rjhffl<oteS»fl||llKi: UT ^ 

6c MOS F7^^Ma 1 ORUMa 1 1 
ffiffiftlHlSScDMO S h7^^^Ma 6 <Dtztb<Ds<-<{ T 

y^^Ma 1, Ma 7, Ma 9 fmSKJK&tt/S; U N 
y^/Vl^MO SF7 Vi^JX ^MP a 1 75MMP a 
5«y<l7 — ^^/H^*^ ;y^iSi^<h £*x5 0 EI 1 1 <0 
a»*t««O«B^C0UT*i, ^Jjt5MOSh7V^ 
(H8<DM4, M5) oy-h^lg^^tl^o 

[0031] hi 2\z7j<2ti?>mnmmm (2,9) 50 



hi i^«s^a»*«HBa8^»L-cfWri5ffl^a^ 

»#»tt$;h,SH8(D*J|U««»2. 9^l:y-h 
d5jg-&$ix5MOS h7V^^M3 C. M8&s 

&i\zm 1 1 oa^ffi h7y^^Ma 8t u-r^tgUT 
v>5^<b-efc£ 0 Hi 2i:isv>t^ouTi^ mos 

0UTttSS»*iB»O#R(EA*«f ( + ) 

[0 0 3 2] m 1 3 K^£ix5 (3, 4, 
8) tt, Nf t^H«)ilA*MOS h?^^? 
Mb3WMb4^ Pft^I^MOS b7>"^ 
7^Mb 1 WMb 2 frh&Z>t> ^> h ^ 7-M^l- 
±oT«J«SixfcJ6»«. tltPfir^HMOS 

h7^^Mb 7 £ NftV^/PSMO S 1^7^ 
*Mb 8d^*Sffl^fk«:«x.5. ttt2)SOA2> 

oun:afsy-K) fcm* (S^-couT^ifs 

fltlnlS&i: Uh7^v?^^Mb 6&t*S#*-?-CCas^ 
£E£*l,TV>£ 0 MOS F7^^Mb 9MMb 1 0 
ttSRffi*B4fflHH]Kc0MO S h7^^Mb 6<Dtzlb 

OS F7>^^Mb 5, Mb8, Mbll teffiSt^Sr 
WfifcU MOS h7>^^MP b 1MMP b 5 ft'* 

I b 1WMI b 2l:io-C»fi!tJtt5CMOS>f^ 

«SS^ffi^COUTtaJifjiEMOS (M2 
A, M2B, M2D) <Dtf—b\Z&<&£i%Z) 0 
[0033] m 1 4 t^£ft*«*if*I»tt:. @13i: 

8<D«*i««»7<BaU;&K^— h^SttiMOS h 
7^^M3D^ HfMi:ai3<Offi*fflb7^ 
^^Mb 7 t Lt«ffifC^S^b-efc5. 11 4(1*5 
V^^iFOUTIiMOS h7^?M3DOy-M: 
tt*S*U «?-COUTIiaR8#*B«SO*seA* 
( + ) tz&<&£tiZ> 0 
[ 0 0 3 4 ] H 1 5 i:ttfflll2^-< r v b 2 , vb 
3, vB4«r»rti-5iatt«36 s «*ixa. « 

REFtM^/:SillEW^^ RCA**? 
(-) |:|iirU^^SELECTOR(Otb^^S$ix 

BffEtU^^SELECTORH 
BMlES^m/i^^EHlSS V R E F OSiittf bo^Ci^i 

[0 0 3 5] R(:i8MHIl 0 ic^^tv^) A/D^gl 
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»4rffi«flE»f^ **S»-&«cSttlHlK«r«*i-aMO S 
h7V^*lOL*V^ttE (Vth) OflSv^ttleo 

MO S h7>v*;**^L#^temEE<£>— ftl^s^SixSo 
MOS h5^^^^^L#V>ffl«BE«ai2|iV t h £{&V 
thlu^ij^ti^o Ell 6i:SSJiSL*v^»tE (v 
th) (Imos b7^^^oy-^i^t5y-ho 
m<4£Scft1-3 0 KToKfl-eii, 4*lclWIR**b*^ 

tMBEVDDf42. 7 [V] ~3. 6 [V] 
a»6»tfiX*:«BE-C*>9, Si&mffiGNDteO [V] , 7<9 
A^lEEVinOSiliO. 6 [V] ~ 1 . 8 [V] \ 

Lt/M T ^mi£ V B 2 —V B 4 teEl 1 5 GDB§fiUe«£ 
9fcOfc£ix, VB2=1. 8 [V] , VB4=1. 2 
[V] ,-VB3 = 0. 6 [V] b£ftZ>o 
[0 0 3 6] HSte^SitSMOS h7^^M2 
A, M 2 B , M2D^fiVthMOSh7Vv ; 7^|:]; 

KJMMW3, 4, 8«>a*«3ft«#iSfdibffb*v^J;5 

1 3 OlHlSgKl^l^T. ^0{±i*KCOUT(:y-h^ 20 
fg^ilSMOS h7^v>^^ (M 2 A, M2B, M2 
D) ©L*V^«ffi3ftStB»»fc!lSV^IIIV t h-C*« 
a*SlJI*«»<OlH*«-?COUT<OU^<^#T* 

^7 b 8 K K ytffiSrTIf 5 w i left D , »f£ 
KW ^«EE<0(ST»SRMO S h7>^^Mb 8 £ 

[0 0 3 7] US t^^tl^MO Sh7 >"^7^M3 D 

[0 0 3 8] H8^^Six5«*l«BSS5, 6tt*fcl0 
1 1 »*if«*50Hi*36S 
MetfcttSiXSMOS b^^v ? ^^M4li^*V t 
h ^ixKl#UT«JHf«»6 0a**«y-h 
legMfcSjJtSMOS h7>^^M5lt{£V t h"Cfc^> 

MOS hT^^^^Srffiffl-rS Ell lOMOS h7 

>i/J*^Ma 7 oT-^tf) K W ^<7)©JE U^/l^Spi 
ifl# - So *M 4 lete<6^v t hOMO 

[0039] ::t\ Ell 1 (^ioV^TMO s h^f&x 
*Ma4, Ma5«VthMOSh7^7^t:fe5 
Ote, ^slMO S h7>"^^^Ma 4, Ma5(OU#V> 
(IlE^iSVN^, F7^^Ma 2 CO 

OS F7^#Ma 2*#ffift»ft^1*:S*asfc3a> 



ibT*fc5 0 El 1 1 ie^oV^TMO S h^V-v/^^Ma 8 # 
t£V t hMOS FETi c$tl%)(D& s Ma80lt^t 
«flEas»V^ t . Ma30KM >-miE£ Jb*f M a 3 

OSh7>^^Ma4, Ma S^iVthtfc^O 
X\ im^MtSSMO S F7^^Ma 8 fci£ 
Vthi:«^i:{aoT, ^g«®»<D^/?fS#;*-:7 

MOS h7>y^^M3C ( MlC^^hi:ffl^^iS 
*S;h,fc***t«»2fcfcoT* SSMOSh7^ 
Ell l(Dtti^^^tl)MOS h7^^M 
a8tCtS^-r^> 0 ££oT, Ell 1 (7DMtt®tH«60«* 
£{i x.fc*3(*f «» 2 \z h * *b 5 mllSM 3 

C, MICIi, aB**«*S20*7tyhi*©fc 

8, Ml lCoV^tl^I^lS^bfiVt h(7)MOS 
h7>^#-i ZtlZo El 1 2^«J**5igffl*ttS- 
St*tf*I3f2, 9tt, A^0. 6V£{£V^T*, Ell 
2(7)MOSf7>^^^Ma2, Ma3(iIfVthi: 

£;M5o eh 1 <Dmi£ibmm£tiz>m&&m25s 

teA;W>0. 6Vefc5d^, S»a^MOSh7 
Vv ? ^^Ma2, Ma 3iiIiV t htfcott J:V\ 

_L^»it*I^ 5 Id t Mffi Lfc 0 
[ 0 0 4 0 ] El l 7 |ctt«MBjll60J"eRW LfcA/D^ 

[0 0 4 1 ] I^Eim^^ttSir/u^M^-'r^ 3 OiS, ^ 

^Btyt (DSP) 3 Itt/(ID/Af^ (D/ 
A) 3 2SI/A/DJE*» (A/D) 3 3\z£iXm& 

* (DSP) 3 4 3fet*t£D/A£«l» (D/A) 3 5 & 
VA/DXSIS (A/D) 3 6 le^o-ClS^^n^^ra 
JH«»*BSr*fU :tlCftI^Wv>f^D7 P Pt7V' 

h (mpu) 37«MaiS« 0 

K«FBJCd3rtSD/A*tftSS3 2te*b°-#-l- : i : ^ 
{f^-^rffi^U. A/D?E*S3 3li^^D7t^5> 
<Z>*J*ft-JJ-SrA^U f^^^^flt^l^otyf 3 
3f*A/D^&£*tfc^ i^/Wf^^ffifiS^D/ 
ASMfe-f-'**-^ ^#/MI#«>*«i**ftif«>*J»»« 

v^^/WS-^^a^nir 5/^3 4 te. 1^2 
Lfc#S7 v-T> • 5: ^^i* • v'^ 7 h • f >^ (GM 
SK;Gaussian Mimimum Shift 
Keying) ^I^COJ: 54f PtM^tfe^f >f 
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^*^«#»3S:1?5. D/A«»»3 5lt 
fcT^f is? Mt^^D/ A^&-tZ* Q A/D^m§ff3 6 
li»Mlt^^f-< i** yufS-S-S: A/D SHftic iot 
#S C «rlBD/A*»»3 5©ffl*atfA/DS6«»0 
A**4S5ffl«iffl (IF, RF) 3 8C8t$il5o ffii^ 
&S53 8IS. D/A«»»3 5**bffl***ta«#Sr, 
fllittf 8 0 0MHzH2GHz m&^Mm^^-r 

^*B«i-*fci&©iK«A*IMl*firv\ WET 

St rn«r«rlBA/DaE*«3 6lC«|&i-S. 

[0 0 4 2] d^iryu^ffl^xA 3 0 i^£*xSliijf£A 
/D^m§§3 3, 3 6tt±|e|llkM^ff«*«HI^»A 

(Dir/U^ffi^r'A 3 0lC':J3V>"C, A/DIM3 3, 3 
<triST*#S 0 

[0 0 4 3] £Jlii*«W#^J:oTftSttfc»WS:jB16 
[0 0 4 4] K±*«W#«^J:o-C4S*bfc38W«rlll(ll 

^ifv^y ^^A/DSC«»teov^-cttMUfc' 

/f^sm^o^-^ij-v^y ^A/D3«fc». £k 

modrtp ^@Bft if fciS < s 1 o-e* 

So 0 1 75^0 i 4 osB^^TaaRttEEVD 

#S C *fc, #MOSh7^^^tSll % ig^-r 

ft< Tt*tf«-&JCf41SV t hMOS h7>^^Ott 
[0 0 4 5] 

<E>ii»9T-fcSo 
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[0 0 4 6] (i) md£^:^Tm^£*st"SMo 

So 

(2) «*^^y^iai»«)«at«h9^^^«rm«ffl 

(3) A*T^o^fi-»*ffi/*««iftffl(0*»itfi» 

/A*»*^*8Km*«ii^-s:*«i-s^e>, A^rns/ 

«SttK»EIKW h^i?** (M4) CStl^ll (I 
c + I d) (Do ^A^imJE (V i n) iCiloT^Kj-TS 
Or*«/h**««IE I d = I i n - I q (Dfr-V; ^(DMO 
Sh7>-i?Xl? (M4) (7>«bf^^i;<75««taE»tt/h*V^<D 
20 T% ^filft (M4) tC«£-r-<f s^^TTs 

mm i c *mm-tz ^t*<, ^mm/mmxmmz. 

<Z>A/D«»IHK*ISmT*t So 

(4) mm** v?-131&o>9MM byisitx? (Ml 
l) icffinS^Sftl oSrft^i-^fc*^. ffifet^^ (R 
in, Rb) <Dt&tjittbffij£<D F7^^W/LO 

itsr^jffl-rsct^ctt). sjs^^^^ifro^^tffi^ 

30 8t»««:#b*xS«t 5ie:ft5 0 
[0®tf>fH*|£&R9n 

T*fcSo 

[112] r<o3BMtcj:s3em*^ 9-ia»o-jti6«ia 

B0-CfcS o 

[03] r<z>3gej(;iJ:S^««8U 7-0K^»fi!iO*5fi^J 
IsIKBI-CfcSo 

[04] r^pjiassti-; ^-ihisscosucoiiss^j 

[HlKBlT'foSo 

sS0-c*>So 

[06] co^KfctsmgE^^ ^^(ElK^)fdico||JS0y 

[EliS0TfoSo 

[0 7] C0D«WJ-J:SA/DaE»[eIK6O!H3aM/ < c— ^ 

Jfi«lllBB"C*)S. 
[08] 0 7{c^SixSA/D^«HslBtw'&4ixSA* 

mffi/msn^^sB^t/^asD/A^^iHisso/^-rT^ 

[09] 07lC^^^SA/D^^lH]Bt-^insmSft 
50 s/^IhIK»»^— «»JWBBBI-e*>S. 
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[Bio] v?*/HftS[Hi&<D— m?* y *mx~h 

So 

[mil] m8<D®&\zmm£tiz>m&mm&<r>-&m 
(d— &m$&mx&>z> 0 

[@14] 0 8<7>lHlK^?lJfflSJx5*Oflb(O«*iiffl« 
[HI 5] »»«Mi»ofc»^^r^«EESr**i-S 

[iii6] msnmm i o^^^tLSEK^jfflstts 

MOS h7 Vv?^^COL#V^«ffiO|feP^ia"Cfe^o 
[HI 7] *Jt«"C»WUfcA/D«*BI»«:aifflbfc 
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[^<£>I&91] 

Ml, M2, M3, MIA, M2A, Ml B, M2B, 
MID, M 2 D , M3D Pft^iMOSFET 
MIC, M 2 C , M3C, M4, M5, M8, M9, M 
11, M12, M13 Nft^SMO S F ET 

i~9 m*mm 

11 A*«*mEE/«**»IS18 

1 2 ^aSD/A^^tH]^ 

1 3 S^SSS 

itf 1 4 S^HfcSi 

l 5 t^ 1 s^AHHHMStt 

12-2 -affiD/AaSlftlHlSlffl^ T^IhJK 

V D D HIE 

GND »ifi«JE 

VB1-VB4, VB11, VB12 ^T^SJE 
CLK, DLDA >y^09#;Uf-5r 
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